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Gravity Science:
Introduction – Juno Gravity/Radio Science
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• Map Jupiter’s gravity field [1]
• Determine mass, interior structures 

(core? No core?), and winds from 
gravity measurements 

• Closest approach 
(perijove) altitude
~ 4000 km 

• ~35 science tracks

4 - 6 AUX, Ka-band radio links

Jupiter 
Radius ~ 11 REarth
Mass ~ 318 MEarth

[1] Folkner, W. M et al., (2017), Geophys. Res. Lett.



Instrument
Introduction – Juno Instruments
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(Gravity Fields)
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Fields)
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Scientific Background – Io Plasma Torus (IPT)
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Ganymede

Io Plasma Torus (IPT)
Io

Io’s orbit

Callisto

Io flux tube

Europa

Io volcano eruption:
~ 1 ton/s gas
~ up to 190 miles above 

the surface

5 Rj

10 Rj

Background Image (Courtesy John R. Spencer, 
Southwest Research Institute)

Juno Cam Image

Jupiter 
rotation
axis

Magnetic
axis9.6°



To Study IPT Impacts to Juno Gravity Science Measurements
Method and Measurements
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Solar plasma

Earth Atmosphere & 
Ionosphere

Doppler shift of carrier frequency:   

Gravity Science Measurements
(Gravitational fields)

Plasma Electrons (Earth, Solar, IPT)

Δf (Hz) = Δfobital motion + Δfnon−dispersive media + Δfdispersive media

Earth Atmosphere

Io Plasma Torus (IPT)

Juno perijove track
JUNO Radio Data [2][3] :
Two-way X/Ka, X/X and 
Ka/Ka-band uplink and 
downlink radio signals

Electron Profile [4]

Jupiter 
rotation 
Axis 
(system III)

Magnetic 
axis (VIP4)9.6°

6.4° IPT 
frame

[2] Mukai et al.(2012), Juno Telecommunications, JPL
[3] Buccino et al., Initial Operations Experience and Results from the Juno Gravity Experiment, 2018 IEEE Aerospace Conference, 
[4] Bagenal, F. (1994), J. Geophys. Res.



Perijove 01(PJ-01) Doppler Measurements
The First Science Orbit/Track Observations
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The discrepancy between 
observations and model 
simulations might be from solar 
plasma or earth ionosphere. 



Simulations and Analysis (1)
IPT Impact to the Europa Clipper Radio Science Data

Dec. 11, 2019 8

0 1 2 3 4 5 6
Time [hr]

0

20

40

60

80

100

120

IP
T 

TE
C

 [T
EC

U
]

IPT TEC Profile March 02, 2031

0 1 2 3 4 5 6
Time [hr]

-3

-2

-1

0

1

2

3

R
es

du
al

 F
re

q.
 [H

z]

10-3 IPT Residual Frequency March 02, 2031

0 1 2 3 4 5 6
Time [hr]

0

50

100

150

IP
T 

TE
C

 [T
EC

U
]

IPT TEC Profile March 27, 2031

0 1 2 3 4 5 6
Time [hr]

-6

-4

-2

0

2

4

R
es

du
al

 F
re

q.
 [H

z]

10-3 IPT Residual Frequency March 27, 2031



Simulations and Analysis (2)
IPT Impact to the Europa Clipper Radio Science Data
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Summary and Future Work
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Ø Juno gravity/radio science measurements are sensitive
to plasma electrons inside Io Plasma Torus

Ø Significant IPT plasma electron variations of up to ~30
TEC units were derived using Juno Radio/Gravity
science measurements

Ø Simulations indicated the IPT will impact the Europa
clipper radio science measurements

Ø Model Calibrations of Io Plasma Torus impacts will
improve the X-band radio science measurements of the
Europa mission
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